Al-Ti-B alloys are used as commercial alloys in the aluminum and steel industry. Reacting chemical salts of titanium and boron with molten aluminum produces alloys that are used in the aluminum industry, while AlTi-B alloys for the steel industry are produced by metallothermic reactions. In this study, pre-alloys with high titanium and boron contents that may be used for the production of aluminum alloys are produced by a metallothermic reduction process. The effect of the addition of the thermite mixture, which consists of potassium chlorate and aluminum, on the Ti, Al and Β content of the alloy and Ti and Β recovery, was investigated at the stoichiometric aluminum addition and by varying B 2 0 3 /Ti0 2 ratio. An alloy containing 49.8% Ti, 5.7% B, 24.7% Al in metallic and 4.6% Al in oxide form was obtained by 46.9% Ti and 47.7% Β recovery at a B 2 0 3 /Ti0 2 ratio of 0.22 and by adding a thermite mixture which is 50% of the charged amount. At the same B 2 0 3 /Ti0 2 ratio, the effect of CaO addition on the Ti, Al and Β contents of the alloy and on Ti and Β recoveries was also studied. CaO addition had no beneficial effect on metal recoveries. By varying the B 2 0 3 /Ti0 2 to 0.33 and thermite mixture/charge ratio to 60%, Ti, Β and metallic Al content of the alloy changed to 63.1%, 7.7% and 25.0% respectively, and recovery of Ti and Β was 66.5% and 47.7% respectively. In this alloy, Al in oxide form was determined as 2.0%.
INTRODUCTION
The grain refinement of aluminum with Al-Ti and Al-Ti-B master alloys has been in extensive commercial use in recent decades /1,2/. Typically, aluminum master alloys essentially consist of 2-12% titanium, both alone or together with 0.1-2% boron, with the balance being commercial grade aluminum. Such Al-Ti-B master alloys are conventionally produced batch-wise in an electric induction furnace. The alloying ingredients are typically provided in the form of the double fluorides of titanium and boron with potassium, e.g., fluorotitanate (K 2 TiF 6 ) and fluoroborate (KBF 4 ). A mixture of fluoride salts in the required proportion is fed to a stirred molten aluminum in a furnace at a temperature below 900°C in order to prevent the occurrence of undesirable reactions /3,4/. The process typically comprises the alloying, deslagging, and casting stages. Production processes are also available for continuously alloying and casting of this kind of alloy 151. The commercial products can be assured in the form of casting, powder 161 and wrought
111.
The above-mentioned process has a number of significant disadvantages. Firstly, the product quality, particularly microstructure and grain refining properties, varies from one batch to another. Additionally, when the aim is to produce an alloy containing higher than 8% titanium and 2% boron, the melting temperature of the alloy would increase and production of a homogeneous alloy would be difficult. Furthermore, the alloying process produces environmentally damaging fluoride-
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Production of Aluminum-Titaniwn-Boron Master Alloy by Aluminothermic Process containing fumes in the form of intensive emissions for a short period of time, and this necessitates an expensive emission control system large enough to handle the periodic high emission rates. Finally, the system is capital intensive.
Master alloys with high titanium and boron content are also used as additives for deep hardening of steel /8/.
Master alloys containing 35-45% titanium, 1.5-2.8% boron, 7-15% aluminum, less than 1% carbon and incidental impurities were produced by Efimoff 191, using a metallothermic process, as an economic method by 37% titanium, 42% boron recovery. In this process the mixture of ilmenite, rutile and fused boric acid is reduced by aluminum or a mixture of aluminum and ferrosilicon, used as reductant, and some smelting additives such as fluxes and heat increasing material. By adding this master alloy to steel, titanium boron steel containing 0.32% Ti and 0.023% Β may be produced.
Similar to the production of some metals and ferroalloys /10-12/, some advanced non-oxide ceramic powders are also manufactured by a metallothermic process, permitting highly exothermic reactions /13/.
In a metallothermic process, a variety of reductant metals, e.g., magnesium, calcium and aluminum can be used. The melting and boiling points of these elements and their oxides with forming enthalpies are given in The aim of this study is to determine the parameters of aluminum-titanium-boron master alloy production from titanium oxide and boron oxide by the aluminothermic method.
THEORETICAL BACKGROUND
Reduction reactions and enthalpies of Ti0 2 ΔΗ 298 =-1104.7 (kJ) (6) Besides the free energy of each of the above reactions being negative, the reactions are also highly exothermic. The quantity of the heat generated in these reactions is the main parameter that assures the continuity of the reactions. In some cases, additives can also be used to increase the heat released. The reaction of KC10 3 with aluminum is one of the important reactions that releases large amounts of heat, as seen in
KC10 3 + 2A1 = KCl (g) + A1 2 0 3 ΔΗ 298 =-1500.8 (kJ) (7) 
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In an aluminothermic reduction, the enthalpy of the reaction is the main guide in determining the heat evolved during the reaction and in estimating if the temperature achieved is sufficient to smelt the metal and slag and to separate them due to the density difference.
The heat generated per gram of the product can be calculated by dividing the enthalpy of the reaction by the sum of the molecular weights of the reaction products. If the ratio is larger than 4500 J per gram, the reaction will be violent and may even be explosive. by the formation of titanium-diboride is larger than that of titanium-boride.
EXPERIMENTAL
Titanium dioxide >98% Ti, 0.06% Fe, 0.01% Ca, 0.66% Si, and 0.03% Al, boric oxide obtained by dehydration of 99.5% purity H 3 B0 3 at 900°C and aluminum as a reductant, 98.5% purity, and particle size less than 149 μηι, were used as the starting materials.
CaO, used as flux, was obtained by the calcination of 99% purity of CaC0 3 . KC10 3 , used as a thermite material, had a purity of 99.5%. 
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RESULTS AND DISCUSSION
Changes in the composition of the alloy and recoveries of titanium and boron to alloy were investigated by varying the thermite mix/charge ratio from 0 to 60% (by weight) in the charge consisting of Al content of the alloy changed to 51.2%, 7.9% and 28.1% respectively, and recovery of Ti and Β was 55.5% and 50.7% respectively. In this alloy Al in oxide form was determined as 6.7%. It has been determined that increasing the thermite mix/charge ratio from 40%
to 60% decreases the amount of aluminum in oxide form. 
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